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Routing optimisation in some types of networks requires the calculation of the minimal cost pair of
disjoint paths such that the cost functions associated with the arcs in the two paths are different. An
exact algorithm for solving this NP-complete problem is proposed, based on a condition which guarantees
that the optimal path pair cost has been obtained. This optimality condition is based on the calculation
of upper and lower bounds on the optimal cost. A formal proof of the correctness of the algorithm is
described. Extensive experimentation is presented to show the effectiveness of the algorithm, including a
comparison with an integer linear programming formulation.
© 2008 Elsevier Ltd. All rights reserved.
1. Introduction
1.1. Background and motivation
In today's telecommunications networks it is necessary, for reli-
ability reasons, to use protection schemes involving the calculation
of two (or more) disjoint paths for each node-to-node connection,
especially when large amounts of traffic have to be routed in the
network. This concern is particularly relevant in optical networks,
namely WDM (wavelength division multiplexing) networks due to
the very high rates supported by lightpaths, and in the Internet us-
ing MPLS (multiprotocol label switching). In this context the prob-
lem of obtaining (arc or node) disjoint paths, for increasing network
reliability while minimising bandwidth consumption, is extremely
important. In telecommunication networks, when diverse routing is
used, the path that carries traffic under normal conditions is called
the active path (AP), and the path that carries traffic when some
failure affects the AP is called the backup path (BP).
In a network, with certain type of route protection schemes, the
minimisation of bandwidth usage can be achieved by solving the
min-sum problem: finding k disjoint paths between two (distinct)
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nodes s and t such that the sum of the cost of the routes is minimised.
A polynomial-time algorithm for solving this problem was proposed
in [1] and a more efficient version for k = 2 was presented in [2]. In
this type of problem the arc costs are uniform, that is, they have the
same value regardless of the considered path.
In order to reduce bandwidth usage, it is desirable to allow band-
width sharing among BPs of disjoint APs. This is a condition that
leads to networks with non-uniform arc costs, that is, networks
with different arc costs in the APs and BPs. In fact the reserved
bandwidth in each arc of a BP associated with a given AP is less
than or equal to the bandwidth that would be required in that
same arc by the AP. Hence the problem of finding a pair of disjoint
paths (the AP and the BP) leads to the min-sum problem with or-
dered dual costs, or MSOD problem. This problem was shown to be
NP-complete for undirected and directed networks in [3] and [4],
respectively.
The problem of finding k disjoint paths from s to t (two dis-
tinct nodes), in a network with k different costs on every arc such
that the total cost of the paths is minimised, was studied in [5].
The paths may be arc or node disjoint and the networks may be di-
rected or undirected. Firstly it is proved that this problem is strongly
NP-complete even for k=2, when the relationship between the k arc
costs (in the same arc) is arbitrary. Two polynomial-time heuristics,
for the problem of finding disjoint paths with min-sum objective
function when the cost structure is not uniform, were then proposed.
Worst-case bounds were obtained for both heuristics.
The problem addressed in this paper, relevant in the context of
survivable routing, is the calculation of a pair of arc-disjoint paths
from a source to a destination in a network where two different
